We report that the expression of the vimentin gene, a cytoskeletal growth-regulated gene, is activated in trans by the Tax (p4Ox) transactivator protein encoded by the human T-cell leukemia virus type I. Expression of the Tax protein activates a number of cellular genes, such as those coding for the a chain of the high-affinity interleukin-2 receptor and interleukin-2. These findings indicate that the Tax protein is involved in the unregulated T-cell growth associated with human T-cell leukemia virus type I infection. Higher levels of vimentin mRNA were expressed in two human T-cell leukemia virus type I-transformed T cell lines, C91/PL and C81-66/45, when compared with that in Jurkat T cells. We demonstrate that this activation is conferred by the vimentin upstream flanking sequences. Indeed, enhanced activity was detected when constructs with the vimentin promoter linked to the chloramphenicol acetyltransferase gene were transfected in HeLa cells and in two cell lines of hematopoietic origin (Jurkat T lymphoblastoid cells and U937 promonocytic cells) together with a Tax expression plasmid. By introducing a series of deletions in the vimentin promoter, we further restrict these sequences to 30 base pairs, located between 241 and 210 base pairs upstream of the mRNA cap site. A 40-base-pair oligonucleotide containing this regulatory region proved sufficient to confer Tax inducibility upon a heterologous promoter linked to chloramphenicol acetyltransferase. Importantly, this segment includes an 11-base-pair promoter segment that has homology with the binding site for the NF-KB transactivating factor. Our findings indicate that constitutive expression of the vimentin gene under the control of the Tax protein may be relevant in understanding the progression of the lymphoproliferative process associated with human T-cell leukemia virus type I infection.
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Epidemiological studies have shown that human T-cell leukemia virus type I (HTLV-I) is associated with adult T-cell leukemia; however, the role of HTLV-I in the leukemogenesis process has not yet been established. Only a very low percentage of seropositive individuals ever develop the leukemia after a latent period that may be as long as 30 years after primary infection. Furthermore, the leukemic cells do not express viral antigens (38, 39) . These observations suggest that HTLV-I is mainly involved in the initiation of the lymphoproliferative process but is not required for the maintenance of the malignant phenotype. Recent data have shown that HTLV-I gene products are involved in the activation of T cells. Viral envelope glycoproteins of HTLV-I can promote polyclonal T-cell expansion, suggesting that the env products play a major role in the early phase of T-cell activation (6, 9) . After proviral integration, the Tax protein, one of the three proteins encoded by the pX region, is able to trigger the expression of interleukin-2 (IL-2) receptors (IL2Rs) (4, 12, 18) and the synthesis of IL-2 (12, 18, 35) , probably by inducing cellular factors acting on the transcription of these genes involved in T-cell proliferation (2) . These observations support a role for the Tax protein in sustaining a constitutive cell activation. Furthermore, the abundant transcription of cellular genes in T lymphocytes infected with HTLV-I favors such a hypothesis (17) . * Corresponding author.
In this report, we show that HTLV-I-transformed T lymphocytes express high levels of vimentin mRNA. This observation, which was made in the course of a comparative study involving B and T lymphoblastoid cells, led us to postulate that the vimentin gene may be transactivated by the HTLV-I Tax protein. Vimentin, a member of the intermediate filament family, behaves like a growth-regulated gene in many cells, including fibroblasts and human peripheral blood mononuclear cells (13) . Stimulation of quiescent fibroblasts (BALBc/3T3) by serum or by a growth factor such as the platelet-derived growth factor or B and T lymphocytes by lectins such as phytohemagglutinin results in an increase of the vimentin mRNA levels (7).
To The pBS plasmid was generated by digestion of pMTPX by BamHI (position 5095) and SphI (position 5126) (32 [23] with minor modifications). Briefly, 5 x 106 cells washed with Hanks solution were suspended in 1 ml of RPMI 1640 containing 0.3 mg of DEAE-dextran per ml and 10 ,ug of DNA (4 ,ug of CAT plasmid and 2 pug of pMTPX supplemented with 4 jig of carrier pUC18) and incubated for 30 min (C81-66/45 and U937) or 2 h (Jurkat) at 37°C. The cells were then washed and suspended in medium containing 10% FCS, incubated at 37°C for 48 h, and then harvested for the CAT assay. Cell extracts were prepared by lysis in 250 mM Tris (pH 8) containing 0.05% sodium dodecyl sulfate, and CAT assays were performed as previously described (11) . Briefly, half of the cell extract was incubated with 0.1 ,Ci of
[14C]chloramphenicol at 37°C for 90 min. The acetylated forms of chloramphenicol were separated by thin-layer chromatography, and the radioactive spots were cut from the chromatography plate and counted in a liquid scintillation counter to quantitate the CAT activity.
The calcium phosphate coprecipitation technique was carried out for the transfection of HeLa cells by the method of Chen and Okayama (3). Briefly, HeLa cells were seeded at 1.5 x 106 cells per 100-mm plate in minimal essential medium supplemented with either 10 or 2% FCS. Four micrograms of the indicated CAT construct DNA was transfected along with 2 ,ug of pMTPX and pUC18 up to a final DNA concentration of 20 ,ug. After 12 h of incubation, cells were washed and incubated in minimal essential medium supplemented with the appropriate serum concentration for another 24 h. CAT activity in cell extracts was determined as described above.
Northern blots. Total RNA was prepared for adding 20 ml of 3 M LiCl-6 M urea to each g of cells (previously washed three times with phosphate-buffered saline [PBS]), and the mixture was homogenized in a Teflon-glass Potter homogenizer. The RNA was then prepared as described by Auffray and Rougeon (1). RNA electrophoresis under denaturing conditions in the presence of formamide, transfer to nitrocellulose, and hybridization were carried out as described by Goldberg (10) . Hybridization of 106 cpm of 32P-labeled nick-translated probe cHuViml (24) per ml to filter-bound RNA was performed at 42°C for 15 h. As a control, the same blots were hybridized with glyceraldehyde-3-phosphate dehydrogenase cDNA. After hybridization, the filters were washed three times at room temperature with 2x SSC (lx SSC is 0.15 M NaCl plus 0.015 M sodium citrate)-0.1% sodium dodecyl sulfate for 15 min each, twice at 15°C with lx SSC-0.1% sodium dodecyl sulfate and then twice with 0.1x SSC-0.1% sodium dodecyl sulfate at 65°C for 30 min.
RESULTS

Transcriptional expression of the vimentin gene in HTLV-
I-infected T-cell lines. We previously reported that normal human T lymphocytes isolated from peripheral blood express vimentin at all stages of maturation (5) . We further demonstrated that the amount of this protein was regulated at the transcriptional level (15 respectively, than in Jurkat cells (Fig. 1) . In these three cell lines, the amounts of glyceraldehyde-3-phosphate dehydrogenase mRNA were identical.
These results support the view that the increase in vimentin gene expression might be related to the infection of T cells by HTLV-I. Furthermore, the sole expression of the Tax protein by C81-66/45 cells (data not shown) raised the possibility that Tax is responsible for the transcriptional activation of the human vimentin gene in HTLV-I-infected T cells. Before directly assessing the effect of Tax on vimentin gene expression, we performed a functional analysis of the human vimentin promoter in human cells.
Expression of the human vimentin gene in mammalian cell lines: deletion analysis of the vimentin promoter. As described in Materials and Methods, a series of truncated promoter constructs linked to the CAT reporter gene was generated. The different plasmids were then transfected into exponentially growing HeLa cells cultured in medium supplemented with 10% FCS. Transfected cells were cultured for 48 h, washed, lysed, and assayed for CAT activity.
The full-length promoter gave a significantly high CAT activity, which was unaffected by deletion as far as position -957 (Fig. 2) . A higher activity was detected when the promoter was deleted to position -830. The CAT activity was reduced 10-fold with the vimentin promoter deleted to position -529. The same low activity was maintained in position -338. The CAT activity reached the same level observed with the full-length promoter with deletion to position -241. CAT activity dropped approximately sevenfold when the promoter was further deleted to position -140. Removal of the CAAT box by deletion to position -78 abolished the activity.
These observations indicate that the human vimentin promoter is composed of at least two positive elements (the first between positions -1710 and -529 and the second between positions -241 and -140) and of one negative element (from positions -529 to -241). These results obtained with human cells confirm those reported by Rittling and Baserga (26), who analyzed the human vimentin promoter in transiently or stably transfected murine 3T3 cells.
The above data were obtained with HeLa cells growing in medium supplemented with 10% FCS. Since the regulation of vimentin is cell growth dependent, the functional analysis of the human vimentin promoter was then performed in HeLa cells maintained in medium supplemented with 2% FCS. As expected, lowering the serum concentration resulted in a significant decrease in the promoter activity (Fig.  2) . The higher CAT activity observed with plasmid -830 confirmed the presence of a serum-responsive element in this region. Indeed, an API/c-jun binding site recently identified at nucleotide -707 mediated serum and phorbol ester inducibility of the human vimentin promoter (27 tained upon deletion to position -529 in HeLa cells grown at both serum concentrations. These observations rather suggest that a serum response element is located upstream of nucleotide -830 and that a positive element that functions at both serum concentrations lies between nucleotides -830 and -529.
The functional analysis of the human vimentin promoter was next examined in two human cell lines of hematopoietic origin: Jurkat T cells and U937 human promonocytic cells. These cells were cultured in medium supplemented with 10% FCS. In contrast with HeLa cells cultured at the same FCS concentration, a low basal CAT activity was observed in U937 and Jurkat cells transfected with the different constructs. These results indicated that the two serum-responsive regions identified in HeLa cells are not active in these two hematopoietic cell lines. This comparative analysis indicates that specific serum-inducible factors acting on the transcription of the vimentin gene in epithelial adherent cells are either inactive or absent in the hematopoietic cellular environment.
Effect of the Tax protein on human vimentin promoter activity. In conjunction with the above analysis it was of interest to study the promoter activity of the different deletion mutants in C81-66/45 cells. Elevated CAT activity was obtained after transfection of the promoter deleted to position -241 ( (Fig. 3) .
These NF-icB consensus sequence. Sequence analysis of the region between positions -241 and -140 revealed the presence of three elements which are potential targets of Tax activation. Thus, an element having homology with the NF-KB binding site was localized at nucleotides -227 to -217. This element has been involved in the transactivation by Tax of the IL-2R a-chain gene (14) . The CLE2 element, found twice, between nucleotides -197 and -191 and between nucleotides -160 and -154, was implicated in the Tax activation of the granulocyte-macrophage colony-stimulating factor gene (21) .
To identify which of these elements is required to confer Tax inducibility to the vimentin promoter, we generated two new deletion plasmids by exonuclease III and mung bean nuclease digestion of the promoter construct starting at position -241. These new constructs retained only 210 and 173 nucleotides upstream from the transcription initiation site. A 10-fold decrease in the Tax-induced promoter activity was observed in Jurkat cells transfected with these constructs, when compared with the promoter activity in cells transfected with the -240 construct (Fig. 4) . The same results were obtained after transfection of these constructs in U937 and HeLa cells (data not shown).
These data demonstrate Tax-inducible coding for the IL-2R a chain (4, 12, 18) , IL-2 (12, 18, 35) , granulocyte-macrophage colony-stimulating factor (20, 21) , and IL-3 (20) . Recently, this nuclear transactivator protein was found to activate the c-fos promoter (8) .
In the present study, we have demonstrated that the Tax protein is involved in the transcriptional activation of the vimentin gene. Vimentin is of interest not only for its structural role in the cytoskeleton but also as a growthregulated gene. In HTLV-I-transformed T cells, the vimentin gene expression, as assessed by the levels of vimentin mRNA, was found to be three to five times higher than that in HTLV-I-free lymphoblastoid T cells. The observation that one of the HTLV-I-infected cells studied (C-8166/45) expressed only the Tax protein further implicated this retroviral gene product in the increased expression of the vimentin gene. We then showed that Tax protein activates in transiently transfected cells the human vimentin promoter in Jurkat T cells, HeLa epithelial cells, and U937 promonocytic cells. Indeed, the functional analysis performed with deletion plasmids of the 5'-flanking region of the vimentin gene showed that the cis-acting element required for Tax activation of the human vimentin gene is localized within 241 bp upstream from the transcription initiation site. Moreover, a plasmid carrying only 140 bp upstream from the transcription initiation site failed to respond to Tax. Therefore, the 5' boundary of the cis-acting element required for Tax activation is localized between 241 and 140 bp upstream of the transcription initiation site. In this region, two types of sequences were identified. The first one, between positions -227 and -217, is homologous to a sequence present in the IL-2R (a chain) gene, which has homology with the binding site for NF-KB. This sequence has been involved in the transactivation of the IL-2R gene by the Tax protein (2, 29) . The second type is represented twice and is closely related to a sequence called CLE2 (common lymphokine element) present in the promoter of the granulocyte-macrophage colony-stimulating factor gene (19) (13) . It has been established that progression from Go resting T lymphocytes to the G1 period of the cell cycle is characterized by the appearance of c-fos and early c-myc. Furthermore, the induction of IL-2 production triggers a late series of cell cycle progression events culminating in proliferation (34) . It thus appears that vimentin expression is involved in the progression phase toward cellular proliferation. Therefore, the present study emphasizes that Tax is involved in the induction of a set of genes that are essential for T-cell proliferation.
The 
